to purify used oils, such as clay, magnesium silicate, activated alumina, soy hull, agricultural waste, activated carbon, aluminum oxide, celite, and silica gel 1 3, 6, 8 .
However, the regeneration of waste edible oil by a food additive calcium silicate, CAS was not reported. Moreover, the addition of a food additive is permitted during the food manufacturing process; therefore, this adsorbent is safe for human health.
Ichikawa recently reported the importance of measuring the acid value AV , peroxide value PV , and carbonyl value CV of waste edible oil. These total assessments could be useful for evaluating both the degree of deterioration of waste edible oil and the components generated in waste edible oil 9 . In this study, we prepared waste edible oil by both heat and aeration. Moreover, a food additive CAS was used to regenerate waste edible oil. The ability of CAS to improve the quality of used waste edible oil was investigated.
Material and Methods

Adsorbents
CAS CAS30, CAS60, and CAS90 was purchased from Tomita Pharmaceutical Co., Ltd., Japan. Scanning electronic microscopy SEM was used to obtain images of the CAS formulations, and their pH, specific surface area, and pore volumes were evaluated. The SEM images were taken using a JSM-5500LV scanning electron microscope JEOL, Japan . The pH of a solution after the addition of CAS was measured using the following method. After adding 2.0 g CAS to 100 mL of distilled water pH, 7.0 , the suspension was stirred for 2 min. The suspension was filtered with a 0.45-μm membrane filter Advantec MFS, Inc. , and the pH of the filtrate was measured using a digital pH meter Mettler-Toledo International Inc. . The specific surface area and pore volume of the CAS formulations were measured using a NOVA4200e specific surface analyzer Yuasa Ionics, Japan 10 .
Flying performance
Edible oil was purchased from Showa Sangyo Co., Ltd. Waste edible oil was prepared by both heat and aeration treatment. Untreated edible oil 500 mL was heated at 180 and 250 rpm for 5 h per day waste edible oil I: total treatment time, 50 h . Moreover, untreated edible oil 500 mL was heated and aerated 100 waste edible oil II or 300 mL/min waste edible oil III at 180 and 250 rpm for 5 h per day total treatment time, 50 h . Samples 20 mL were collected once per day 11 .
AV and CV analysis
Samples 5 g were dissolved in 100 mL of ethanol:ether 1:1 , and the solution was titrated with 0.1 mol/L potassium hydroxide phenolphthalein was used for an indicator . The AV was calculated according to equation 1 as follows:
where AV mg/g is the acid value, a mL is the amount of 0.1 mol/L potassium hydroxide required for titration, F is the factor of 0.1 mol/L potassium hydroxide, and M g is the mass of sample edible oil 12 .
Samples 0.25 g were dissolved with 25 mL of 1-buthanol. Subsequently, 1 mL of sample solution and 1 mL 2,4-dinitrophenyl hydrazine were mixed for 20 min at 40 . Additionally, after 8 mL of 8 potassium hydroxide was added to the mixture solution, each sample was centrifuged at 3000 rpm for 5 min by using a KUBOTA3100 KUBOTA Co., Ltd. . The supernatant was analyzed using a UV-1200 spectrophotometer Shimadzu . The adsorption wavelength used for measurement was 420 nm 13 . All regents were purchased from Wako Pure Chemical Industries, Japan.
Free fatty acid FFA and tocopherol analysis
Benzene 0.5 mL and 14 w/w BF 3 -methnol 1 mL were mixed with 10 g of the sample, and subsequently, the suspension was heated for 2 h at 80 . Afterward, 5 mL of n-hexane and 15 mL of distilled water were added to the suspension, and the sample in the n-hexane layer was analyzed by gas chromatography flame ionization detector GC-2014, Shimadzu . The measurement conditions were as follows: capillary, FAMEWAX 30 m 0.25 mm ID; Shimadzu GLC Ltd. ; carrier gas, He; column temperature, 200 ; flow rate, 0.6 mL/min; and injection volume, 1 μL.
The tocopherol concentration was measured as follows. The sample waste edible oil I was diluted in a mobile phase hexane:ethyl acetate 7:3 , and the sample was analyzed by high-performance liquid chromatography SPD10Avp, Shimadzu . The measurement conditions were as follows: column, Inertsil NH 2 250 mm 4.6 mm, GL-Science ; column temperature, 30 ; flow rate, 1.0 mL/min; wavelength detection, 290 nm; and injection volume, 10 μL.
Treatment of waste edible oil with adsorbents
The adsorbent materials were individually added to waste edible oil I 15 g at a concentration of 1 , mechanically stirred for 15 min at 180 , and filtered through a 0.45-μm membrane filter. The filtrated oil was used to measure AV, CV, FFA, and the tocopherol concentrations.
Results and Discussion
Properties of the CAS formulations
The specific surface area, pore volume, mean pore diameter, and pH of the CAS formulations are listed in Table 1 , and the SEM images are shown in Fig. 1 In general, the pore size distribution can be classified into micropores d ≤ 20 Å , mesopores 20 Å d ≤ 500 Å , and macropores d 500 Å . The specific surface area depends on the micropore volume. In this study, the properties of the CAS formulations were not in agreement with the expected trends. However, the specific surface area increased as the mean pore diameter decreased. This result was in agreement with the expected trends 14 . The solution pH after the addition of CAS was basic in the range of 8.69-9.32. The SEM images of the CAS formulations did not confirm the surface changes of each CAS formulation.
In this study, CAS, a food additive approved used for use in Japan and reported to have low adsorption ability, low accumulative property, and low toxicity in humans, was used as an adsorbent. Moreover, CAS was prepared by mixing both CaO-SiO 2 -H 2 O and CaO 1.5 -SiO 3.5 -xH 2 O. For example, the amount of Si in CAS90 was greater than that in CAS30 or CAS60. Previously, activated charcoal powder, silica gel, activated carbon, activated clay, zeolite, and sepiolite were reported to be useful for the regeneration of waste edible oil 6 . The specific surface area of CAS 115-187 m 2 /g is smaller than that of silica gel 430-680 m 2 /g or activated carbon 842-1244 m 2 /g . However, the mean pore volume of CAS 170.59 Å ≤ d ≤ 249.70 Å is greater than 50 Å, which indicated that CAS exhibited high decolorization ability. Moreover, the regeneration of waste edible oil using a sepiolite was reported high decolorization and deoxidation , and the properties specific surface area, pore volume, and mean pore diameter of sepiolite were similar to those of CAS 15 .
Prepared waste edible oil
The changes of AV and CV with heating time are shown in Fig. 2 . The AV of waste edible oil I increased with increasing heating time. The AV after 50 h of heating was 0.39 mg/g, which indicated that the AV of waste edible oil I did not reach a hygienic value 2.5 mg/g after 50 h of heat treatment. Similarly, the AVs of waste edible oils II and III also did not reach this value. However, the AVs of waste edible oils II and III after 50 h of heating were 1.94 and 2.22 mg/g, respectively, which indicated that deterioration of edible oil with both heating and aeration was greater than that with heating alone. The CV of waste edible oil I also increased with increasing heating time. The CV after 50 h of heating was 27.4 μmol/g. The CVs of waste edible oils II and III after 50 h of heating were 131.6 and 185.6 μmol/g, respectively. The CVs of waste edible oils II and III reached a hygienic value 50 μmol/g after 10-15 h of heating.
The deterioration of edible oil by ultraviolet irradiation alone or in combination with iron chloride II , iron stearate, and copper stearate was reported; however, the methods used in these reports were complicated. In this study, the method used for deterioration of edible oil using both heat and aeration was very simple and useful for widespread practice.
The concentrations of saturated and unsaturated fatty acids in waste edible oil are shown in Figs. 3 and 4 , respectively. The concentrations of palmitic and stearic acids were not changed by combined heat and aeration. On the contrary, the oleic, linoleic, and linolenic acid concentrations decreased with increasing heating time in the order of oleic acid linoleic acid linolenic acid. Moreover, the percentage of unsaturated fatty acid removed by combined heat and aeration treatment was greater than that removed by heat treatment alone. After 50 h of heat treatment, the concentrations of oleic, linoleic, and linolenic acids were Ishii reported that the concentration of unsaturated fatty acid decreased as the AV and PV increased; a similar trend was observed in this study. Increasing saturated fatty acid generation with decreasing unsaturated fatty acid levels was reported; however, this phenomenon was not observed in this study.
The concentration of tocopherol with heating time is shown in Fig. 5 . The amounts of tocopherol in edible oil decreased in the order of γ-tocopherol 131.5 mg/100 g δ-tocopherol 43.2 mg/100 g α-tocopherol 8.1 mg/100 g β-tocopherol 6.9 mg/100 g ; thus, γ-tocopherol is most abundant tocopherol in edible oil. As shown in Fig. 5 , the amount of tocopherol in edible oil decreased with increasing heating time. Moreover, the amount of tocopherol in edible oil decreased more by combined heat and aeration treatment than by heat treatment alone. After 50 h of heat treatment, the concentrations of tocopherol in waste edible oils I, II, and III were 35.2, 4.2, and 9.1 mg/100 g, respectively.
Among the tocopherols, α-tocopherol was most rapidly degraded in this study, a finding consistent with previously reported data. Moreover, these results indicated that γ-and δ-tocopherol were resistant to heat treatment.
Regeneration of waste edible oil by CAS
The changes of AV and CV after CAS treatment are shown in Table 2 . CAS30, CAS60, and CAS90 decreased AV by 15.2 , 10.8 , and 23.1 , respectively, and decreased CV by 35.6 , 29.8 , and 31.3 , respectively. Moreover, the concentrations of tocopherol and FFAs did not change by CAS treatment. These results demonstrated that CAS Fig. 2 Changes of AV and CV with heating time.
• (I) 180℃, 250 rpm, 5 h-heat/day, 50 h ▲ (II) 180℃, 250 rpm, 5 h-heat/day, 50 h + air 100 ml/min ■ (III) 180℃, 250 rpm, 5 h-heat/day, 50 h + air 300 ml/min Fig. 3 Concentration of palmitic acid and stearic acid with heating time.
• (I) 180℃, 250 rpm, 5 h-heat/day, 50 h ▲ (II) 180℃, 250 rpm, 5 h-heat/day, 50 h + air 100 ml/min ■ (III) 180℃, 250 rpm, 5 h-heat/day, 50 h + air 300 ml/min was useful for regenerating waste edible oil. However, the effects of CAS were not related with changes in AV and CV. Kalapathy et al. reported that the amount of silicate in CAS was not related to the amount of FFAs removed 16 ; this finding was consistent with our findings. The use of activated carbon, aluminum hydroxide, silica gel, and organic and inorganic adsorbents was previously investigated for the regeneration of waste edible oil 8, 17, 18 . Polar compounds generated during the deterioration of edible oil were removable by adsorbents using van der Waals forces 6 . The percentage of total polar compounds removed using zeolite was lower than that removed by CAS, which indicated that removal of compounds was not related to the specific surface area of the adsorbent. The regeneration of waste edible oil using silica was reported in several studies, but the adsorption mechanism is unclear. Silicone atoms are attached to -OH groups on the surface of silica gel. Therefore, the surface of the silica gel is very polar, and the -OH groups can form hydrogen bounds with the secondary oxidation products of used edible oil and interact with them via van der Waals dispersion forces and dipole-dipole attractions. The most important feature of silica gel is the presence of polar silanol Si-OH groups and hydrophobic ionizable and siloxane linkages Si-O-Si . It is well known that secondary oxidation products in oil are primarily polar, although some are non-polar. As mentioned previously, silica gel molecules have polar and non-polar groups that interact with the secondary oxidation products polar and non-polar molecules • (I) 180℃, 250 rpm, 5 h-heat/day, 50 h ▲ (II) 180℃, 250 rpm, 5 h-heat/day, 50 h + air 100 ml/min ■ (III) 180℃, 250 rpm, 5 h-heat/day, 50 h + air 300 ml/min In this study, the same adsorption mechanism might have occurred because the components of CAS include silica.
Conclusion
The regeneration of waste edible oil using a food additive CAS was investigated. The deterioration of edible oil by combined heat and aeration treatment was greater than that by heat treatment alone, as indicated by the larger AV and CV after combined heat and aeration treatment. However, the concentrations of tocopherol and unsaturated fatty acid were less on deterioration of oil. AV and CV decreased by CAS treatment, which indicated that the regeneration of waste edible oil was possible. Therefore, polar compounds generated during deterioration of edible oil could be removed using CAS. We found that the concentrations of tocopherol and FFAs did not change by CAS treatment. Moreover, the characteristics of CAS were not related to the degree by which AV and CV reduced owing to CAS treatment. Silica gel molecules have polar and nonpolar groups that interact with the secondary oxidation products produced during the deterioration of edible oil. These results indicated that CAS was useful for regenerating waste edible oil.
